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Drug metabolism ()

of activity.

Metabolism

le} 8)3‘ %Lfo\ i the substratemolecule i

_‘ ¥oy\c) 3
e The aim of all drug metabolism processes is toldetoxnfy)thea,,-—)w‘ | ?
drugs, Very often these metabolites lose the activity of the = 4 cessst>
original drug, but in some cases they may retain a certain level Zpa i e

f‘e//\m Zok '
Phase |l
q)j\ 5 \@ c.gl{d\ Ll CQ‘LA ; Functionalization Conjugation
Cd I P Bat bl  (c new functional group is (Connecting to water soluble
{;,p_u); witer Solubles 12 iIntroduced into compounds) '

B /l_ﬁk/owi

...KX“X

..,—}Qccv\ .
4 Mn:rﬁ(p‘_#)\
‘3,08 G e

3

n Drug metabolism

 Why we study metabolism?
o 'Detoxifications : Drugs, plant toxins, food

loss of pharmacological activity

lead to the formation of a metabolite having
therapeutic or toxic effects (as in prodrugs)

» Major organ in(drug metabolism)is the liver

additives, environmental chemicals, insecticides,

| and other chemicals foreign to the body undergo
| enzymatic transformations that usually result in the

o ‘Bioactivation: enzyme-catalyzed reactions may

el DL mmmvmummmmmmnnunmmnurmunuun':nnt!mmmnmmmmm"c::;R?11." R
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Phase-ll metabolism

~» Phase 2 Reactions (Conjugations): a functional group, such
~=2"<3s alcohol, phenol, or amine, is masked by the addition of a
W?{ ) =" new group, such as acetyl, sulfate, glucuronic acid, or
certain amino acids, which further increases the polarity of
‘ the drug or xenobiotic. e

//\-——-

« Phase-Il metabolism Involves the following conjugation
reactions that are catalyzed by transferase enzymes:

o

273 **(n— Glucuronidation.
oh-se 1\ (2 Sulfation.
(3)— Amino acid conjugation.
)}— Methylation.
(5)>— Acetylation.

Example on benzylic oxidation
(Tolbutamide)

e So Tolbutamide will be eliminated in urine:

o 1. Alcohol @ (iSH e
e 2. Carboxylic acid B =

ik "
e 3 . CO nj u ga tEd \/\/ILHTolbch \/\/r!m

l Alkcohol dehydrogenase

|
|

|
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Phase Il reactions

RS TURURI ) LI OO0 v TR SRR
e L RN AR 341 RS (0 SO MR DR RN

. Reactions which conjugate the drug or its phase-|

Phase |l reactions

metabolite with a hydrophilic/endogenous speciesfs
- (conjugation reactions). S R R N Y

= | 25Ln A e Xo\ ‘e
These endogenous compounds are: S ;

;7
e T T TR0 0 R RO S0 00022 A LS DI04 R0 DT 20T 1A R R A AR AR ARSI RRRIL L U U L

Glucuronic acid g A s s 1k Wi B tapoey g —the vene] hullules
Sulfate group d ako +he orely atlached DgNH s N Dalboncs |S )

"‘C"C‘\Se AN weleualaryr Weranh b &
) (“\ Da“’v\’\
Amino acid {Glycine) O (Beb¥er Con idate Br Bilo%) dwination, | - ?

<‘|:5 vo_rywodcr &Ivblt CA(\A UJN'\\ be C‘nc\(\y '(cr\O\\ e\\M\vo\\»Q \)‘: S

Methyl group (as SAM) Ut TS e

Acetyl group (as acetyl CoA) T

Glutathione (tripeptide) (’&g '
de—
SR &
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‘ e AB- Seces o Qi

S1drvg 01510 Active drug \2S Phase-l drug
g0 5 nacleo philc ottach conjugate
(nycge O 12) G —3 (Hydrophillic)
Hetero atoms like X =0, N, S have lone pair of
electrons

Phenol, alcoholand carboxylicacid Amine (aliphatic
and aromatic), Thiol

Excreted in urine

-

i From Glucose to UDP glucronyl

transferase
¥ UDPe-[Utdine & poes phode)

HO _ 0 UDP Double
conjugation oxidation
40 S e et 0O 0 o HO
HO ud  OH UDP
Glucose g lrIDP-Glucu roni¢ acid

Ry
UDE qwc rof\)\

Satin 'L - . Y
3 Glucuranic_acd 3 dlocese I Oy 3 ¥

QeviyC

® oH O)‘fd)a\“\‘(w\ C,O-ib(;}j\\'( O\C\(‘ "3

) UDP. = Qﬁ\ébléu
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Mechanism of conjugation |
Glucorodination reaction 0,220 |

achva *MJLQQK)@
DRUG 7 E yp=>le
VDp — gic urenasy [ n \égg.:gé X HX/ A olrd ~-
S e S, SR e .J*P":Jl
Dodlos! Jubstast ‘ drv
\ 5.4} ek u,%b{-&\c} ubi \::J;“ Nucleophilic attack ‘3 =

s 38 P2 s JehM \gd cyae

P2 “"\3{ The deficiency of this

enzyme in neonates
causes Jaundice

O
(ﬁ;b % Undm%78’°3 \eavingy aiovp

JRPalrack _I\ (J.ZJZ/

Jo o =53 W os L (UDP-glucuronosyl fransferase £Jr>»
c_jue é‘ »u ( "

O

;’)4_—) g oS oo o ‘-‘"’* HO
‘NA 0/‘10_,0-‘\ (/’ (/PJ—:‘ASZ C\JJ OQé HO

ﬁ‘ Lg,t..’a_,xdl HO

Q
-
C
>
LR G N T T R R R AR R R A AR AR, TR R R SRR TR R AR IR KRR RRUAS

a» BV accumulate in their bodies.

Chloramphenicol
| Chormpheit |
« Sometimes UDP-Glucoronyl Transferaserenzyme is deficient in ) e’

the newborns that thelr Ilvers are |mmature after delivery oS S5

°<’}“*”:g'\°"*; which results in "Neonate Jaundice”, in those babies any drug
) §15
‘f,\\ swe! that needs to be conjugated in order to be eliminated will |

(s155) /__\
* Forexample "Chloramphenlcol" an[ntlbacterlal agenj t) has

two alcohols that can be conjugated so if there |s@7enough
gluocornide conjugation due to problems in the liver, "Grey-

Wyndroie" will be result (Babies that have immature

livers with mount of UDP-Glucoronyl Transferase
enzyme so they tend to accumulate

WA

Fhloramphemcoﬂm their bodies and termlnatmg at Grey

color
) —%G‘_ﬂ Raby Syrdvome ¥ — |
Chiovormgew] = 135 0‘«53 35 (m el g5 S A5 A N Alab gy caups e\ jh ial |
0P2> gn>2w fd“_ \ yis JLb U hguis A GLe ;T Qes a5l o 35 Xl

el & .‘ 5 N (}LAJ\A_y 3L, ‘n;\\h»,ovp\d\,',,\b 10 X\
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Gray baby syndrome
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Candidates for Glucurodination

reaction

Groups conjugated to Glucuronic acid

Alcohol R~ DOH Phenol @'_OH (not conjugatcd) ~H3

= urea
£ 2 - '} cycle urine

All the

nucleophlles

can be

conjugated to
the Glucoronic

acid

s 88 vpass X -

J.p)uJuD\A\ oML 2 3 o
G\UC oo\ najﬁmwu
“Oximes R/tR y Aldoxime )l\ ANY nucleophil
Candidates for Glucurodination ‘
reaction |
o 1. Aliphatic alcohols, Aromatic alcohols (Phenols)
» 2. Aliphatic amines, Aromatic Amines
e 3. Carboxylic acids
o 4. TthIS SALAD [
> 5. Amides 3° -
» 6. Thioacids (it’s abundant in liver)
S and /(l)l\
R/H\OH R. . SH
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C_C J,,..S b
~ i 'DLJSiL\Ov’\
@UW;,*’;;’;\‘;;Paracetamol toxmty 2l

QCe+o mmc\g q ’u\/tg

:

g\,\i’,m—};.‘o " Aoco SN

\V\v\’ h Lj

¢ =il ‘buu:g. Fﬂ’enc\ Paracetamol
J \ %iou[) e

The 'Glucoronic acid stores are large stores in the liver
although they can be consumed and c“a‘CrSBtoxlcf’fy.

* After administration of large toxic dose of certain drug, for
example if a patient administered 20 tabletslof Paracetamol at
once (each tablet contains 500mg so.20 tablets contain 10g),

It can reaches the toxic doseEEe_au&él\tAa\égTeted all the

Glucoronic acid storesand)therefore it will start having
toxicity, @ under normal clinical doses usually the amount of :

Gl lc acid | detoxification of thfgp 55 Goomg L2 'ocf

drugs.

J‘,“A.DAB(,A?QJQ/ go‘u\?.,—y X, gluceromd  AS ug¥P, favace} amol o] 2> ,Yo(pt PRV EV IS
e Q_) \ J ey

([erdefs\\a\e) GRS ,»Ds —yias 242 (5 yo L5 ) Po—"' K= Vs ppses . Loy

4

—
v

A Nt | TR MEDINSURNATI Wt K\

SODPEMIITRIERON (||| 11111} w1 AL

Sulfate conjugation

* Phospho adenosyl phospho sulfate PAPS", ahd IS
the form added to nucleophiles in the

conjugation reactions (the'liver uses it to add
sulfate to different nucleophiles).

Wm&mmWW””ﬁDMMM?SMMW

o *(Sulfate dono;)ls PAPS
2 = (Phosphorylated
2 Adenosine phospho
O sulfate)
R—XH
v f4|~( >3 /JML-‘ Phosphoadenosme 5'-phosphosulfate
F et (sulfate source)
D (,""L’) (e = VT -
e |
as,— >
A W s> L) jas 5
EINe \NL &?:R T ‘
‘OX J \L /-‘: :-.' (/L, L\ C.
AC{0X I ca A o
fA 4 Il_,ﬂ 8\1‘?‘“\".‘ l‘chmno.\ é‘wﬂ ___{Wit( Sdu ( W\E: ‘
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Sulfate conjugation |
. Sulfuric acid
/ Strong
LY L2 STY O cS e 1 NVucle ‘\Lan LK O
}-bcs\ \ \P)”‘\ B 7ars) — /X—:S:—OH
(COUL,LL‘MOH—““U )1“‘/. x=O,N/u\9 R O

sulfate, which can be eliminated in the urine,

This acid is found in plasma in the form of l
cause it’s ionizable
O

X—S—0
/7
. R O
Sulfate (plasma)
Wolohl ¢ ya,a__\g/ uJoUI caaa) V5 ,
Owne S @)p s :‘_;§>\i — e Abikle:

—

A——r S

Candidates for sulfation

PSR vor Y ;! E
Glocurmdinakion /Phenols R.O— PAP -@-o—- =5 |
() 0

Sy
\YU'PG HOn
SeERr ]
liwthe d @arees) o ok o
'Hydrazides /lk /l.\in PAPS _ E /u\N /N——Sl—d
2" 3 ” H O |
Y PAFS. . pNeby
RTNNGH R \o-——'ﬁ.—o—
0
2 1028 i |
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Candidates for sulfation

:
=0 (V\;QA'\Oﬂ) v)so;D(’»_)uP\J O - %4
1. phenols (Aromatic alcohols) (not aliphatic) T g
2. Anilines (Aromatic amines) (not aliphatic) 043("10“ ?
3. Hydroxyl amines OH :
| Majority of the sulfation process happens on the internal ;
- substrates like: (Bile salts, steroidal hormones such as
testosterones, estrogens) i :
:
;,P)Lb c/ ol)-‘-us d P Aac s\ B\ X st
5 | B @< es% n \/;‘L%DZ/ L)
[61\(416\\!\ S8 culcs f
( mno‘ 8[0.7?) *‘Estrogen female sex hormone *

ks uparcd syt g
G lucgrdinalion l :
F :
-
- Do ticckomol g Al m ) 4 g
:Jo DI{,D avo =
B " Paracetamol g

Paracetamol

OH
e |ftaken in a clinical low dose we will see it in the urine as follows:

e | 1. 50% Sulfate conjugate

e [ 2. 50% Glucuronide conjugate

 |If the dose is high the majority of the dose is excreted as Glucuronide
conjugate e e e

e The amounts of sulfates in the liver are much lower th nic

acid, for example the three previous groups that can be sulfated also can
be conjugated to Glucoronic acid, so under low clinical doses there is a

c%nn between sulfate conjugation and glucoronide conjugation
(50°507, but if the clinical dose increases the sulfate will be reduced

(depleted) and the glucoronide will be higher than it (higher clinical doses
results in depletion of the sulfate and therefore the glucoronide will be

higher than the sulfate).

et T T R DN O Y S D R O Y SO T T N SN T R O TR R SN RTTIET T OO R

TNTA AN T
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£yl

————

=
k ./ (‘J/‘?j SR o Glucuronide conjugate O
\J P=  cunient  $9% N
X S.(Oj —-—‘fg_yl \_\r;t:za 1~ d(::;‘) SOt » Sulfate conjugale N\OH
—.5y 2 (3 —
Paracetamol gelog Lo
k{; HN \ / OH
. HN H,
metabolism i s w,.(,\fi,fcq, :
(6 tabs) “rde
g =
(Summery) S\ %e- HNO X I 2
=={ O
. : OH [Migher doses
Reference: W ® ':2?L Rl Hy
Prof. Taha . Toxic\ S100%7 _ Crucaremide
G:]ucommde & Soscs —» Glucuro conjugate
Sulphate stores (20 tzbs) _gmn .
arc depleted Sulfate conjugate (sulfate storage is dep Ry
.. (dangmmmchm)J j%é uP"’L \ﬁyﬁ \,\
‘»5).5 cmzso Aot ‘ 3b
Micheal acceptoris (N -ACYYIQRTeINS 1gp o3
A)
e a very reactive and D\ 50 o\ i M-S Lalble §o
|52t very toxic thatcan 2o ““\:" NJ\CH;. 4 e :
@ ; | | e Neglespriliz
react with any &
nucleophile o(umvnée (. =
) chul
@ u»?joje,\b : Wa <
3 Amidoquinone
L &y —0d
CYpMLo j[j,—’ >33 LI s c“> i = trd
%&_gj e O  Amide N is not oxidizable unless: RS
Lo o /3\ — clectron rich
dHO & JVP) \” R - long exposure (toxic levels)
— L0 e wuybi et o dy e

s wjrcﬁﬁ‘& S8 ovdo how
OL JS_\AL

%MXJ

et
=t ~ e 1A
i.c\\eu\ aC(eP{'on

“"DN vchb’)bk et [50\03 Dan

e f

cjl
| F\"C’\n’u\J 2

Lpde pip)
ﬂ QS\p\g-uc)n‘U\"-

This sulfation is very important for

)al_éfsjf &DW&)}}'

some hormones

d‘~‘29 anht dobe

oLs Qo MBS N LA\ sl e ;Lo JE.
&L S

L8
_ Estradiol g Estradiol-sulfate
—_— can't enter cells
Eas
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"'9\'6"" )LS-—‘ (;—5-' e ﬁ\ﬁu#ian )@UCV(‘OC“V\Q—":OV\ 3 ot W ‘,'}_'>\
41 St A\ @ Amino Acid conjugation 4
: tgw ' are the @nl?}ubstmtes for amino acid conjugation a
| :j\ °")’"'\( ac A;‘D #¥X ;
>4 A
"L"f 0 NH, 0 B
AMiwne aad ConJ\léaHoh JK/NHI () 2
* They are normally added to carboxylic acuds HO, 50 NH,
2 Ammcdo ACld Jﬂbhﬁ_l\ CQ'b‘-’f"C acid 3) g Gl @ OH Gluta:(?n;inc %’}1
Glutedinin 30 o, B c:-:3 Copfuchiun e Jﬁ A E
c_)l-‘ 65_9‘5 — ) :
Chr ux)/hC oads R OH 2) COA R/"\(;/COA ——.k@ En Z')/W\(J A (;53
alds sl L8 . g
o~ L2 930 o 2
| Cay boXy\ acid ackive NH2 ! -
CoA 5 NP >8> Nu attack % g_om Gllelne ¥ L 5 Je s 3"0 f// \J)n‘}
' achve JL2. = A\ _ypapS : S‘s (3 A—C\ML O™
& o Glutam =
I Coen'zymeA __‘pdl @ 7( (fu Inc ?G.uculod\y\h‘»|0h
This reaction is catalyzed by Glycine transferase G“’“"‘m

lUCufOA(h\'b\—A\ al= 4 @' bﬂ

wlutamme transferas N,.}ofw V) ack 2

l ."__J| - @ P“ \\ = * : OCH\/‘A £ion oAy A.l—iu a

i) 'J“'Pﬁ...sb Glucure Aid _J‘ - i’
.._;(_‘-J-X\ 8 p CJ‘ Q_A} ‘.;4 _3 5

_ oo ’ ('/S’:” G,UCa'c ~d c’(f‘\o!f’hq

/{l & C“ (_\-\VQ ;O/’V\ J

1 . 45’«’/ H Sl =203, B ¢ 23 Y
Covelen) bord o 80> 1 f 2 =
{’bc}wrcr\ he ‘l"’; Amine acid ) el df.oj f@c;wg pos _—g
Cin “ ‘é
3‘:?‘:\:/““514‘1 ‘L——-"I‘ ;T}Jjj _-E
VAT s Cﬂwba)t [
w»\gqb‘}\ )‘ [ aclc/ 5 2
Example ey e —
' G(’\ZZ'VE IV W\-:.P\ -
- Qes le«v;nﬁ;ﬁ- J‘;g

Gh/cihe _g_fé\uhmne D\ c)é-" 5 r

. 4 l
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Jswb'e - 7 2 . 7. M‘Q\

Fate of carboxylic acids in the body

CC/bUth( act d Carboxy||C
)JD o~

acid

Glucuronide
conjugate

Unmetabolized

[Blieylte actl] 421 gposad A dus 153D 3 e D
?@ 50\\\'(>(\\( aC\A UY\MQx—&bD‘)ZQC‘ %\'3’;.9 (/9@‘?' Z/
i @ Glocuroniaaled gulicylic acid

\

4‘>® Amf’hb Ac id )z COUVQO\"\'Q-_

#;Lujj/ ij Acylation reactions@

CC) n)UCo\‘\:lOV\
e Candidates for this reaction

cH 2 e}Zl S’Wf a cetyl g

AS yun) @Dd")’)’}"w‘&&“
‘v 1. Aromatic amines-—ssvtfonamid.
H \b H(MQSV“ Q__z'o\t”-'"\ o
& — ) ISon} 74 B
\ 2.Hydrazines~ Pl . TS T O A oy
3.Hydrazides H
Amine oisacf,.éuda»» F2 X R\“/N\NHZ \ VL G
i aculatrion
()32 TH+—& I : ggﬂ o5 s P | coptin
° Secondary and tertiary amines are not Y
.
acetylated. x’;xf,HB
| e L Fatle
= &\:\-( )(| E’Mvv)( ‘:.(‘/;E; o s\c arm\ e ey

&dg- Sulfon o\p«icle
Pt o <7 106
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Important facts about acetylation

First Fact: People are divided into two groups accordlng to the Acetylation:
V"/}*Jf’/ 78+  A-Slow acetylators50% __, <dsas,? iy ey bl <

& Vﬂby' B- Fastacetylators 50% —° alls Ao~ “*‘4’)’ Qa2 el |
I A4 g b2

Pase| S >3

——
Il TR : r
) * . .
'4-00. ;ﬁ:d "40.5-.;

« So before giving the Drug to a patient we should check if our patientis a slow or a
fast acetylatorespecially if the drug is to be given for long period of time.

 Forexample "Isoniazide" drug that used for tuberculosis against Mycobacterium
should be taken for long period of time (the treatment durationis 6 months to 2

O ——————————

years), so if the patient was fast acetylatorwe have to modify the dose (increase

the dose) to accommodate the fact the individual is g@d?/t}a_cetylator whileif the
patient was a‘'slow acetylator we have to'decrease the dose.

MR ET VTR G R IR O G RN M N

ML ER

—F o

CH3 V_‘Xchrx-fl i€
s
ace "X'a\"t 1Own

A c e}y\ub\on =335

-~ — -

—
—
—— .- .

ISOlliaZid k)’dVCAZi‘C‘Q | (inactivc) S‘))’ () 00‘) j_ﬁ
(active) (S_g__c____@__/ﬁ) C:‘”}.f’ <

Second fact

STSDGRB IDD0O00CCIGT 0NN TUD CL D O SO0 DO L NI IR ORI UL

« We said that the aim of Phase 2 reactions is increasing the water solubility
of the compounds, but m[Acetylatloa we are adding an acetyl group to the

compound which increases wyj 0

» So Acetylation makes the compounds less watersoluble and leads to their
(2)-precipitation in the kidney and.causes “Crystalluria” or "Kidney stones"

. c !g)_l
O
H
Acetyl—CoA
e c"/’ AR
af‘m
0— =0 cncé;'\l"ﬁ”"f O ? O
= _NH
laal_( J"’P‘“" <’ q,,)X\ ulfonamldg:) cause |

O cclxla-‘—tcm

Cr !Fl&“ g{tv /Lo,J 2
CJ)‘S A /V’

(antibacjerial agcnl) crystalluria

>ﬂb“" U"!IJ ))s A >U) [ Lest Up}dpjdg
lgbr% S R vkﬁ,% |
Jﬁup;;.l O\‘PJQ-,UMX\)“P"QCQLylleon
LL-—J-'U‘C)Ln, a0 . o cryshaliuria, o1

(}’;/1')0 o4} &UV‘}"O" Sjpies PP
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Example

* The productin this case is less soluble than
the starting drug (special case)

Acetyl CoA
Acetyl donor

O
_COA 0O |

/ O/‘L N/\/N\
H
H2N
Procamamlde
()

N-acetylprocainamide
a" opnatie 2 ‘AP pharmacologically active
Nu attack AP S \ non-ionizable

N .
acey\ abven

\ (NHZ} Q\: HN)I\

T -

Metabolism of sulfonémides
Antibacterial drugs

Acetylation
—_— P
Oz?_—_-:
|
HN__
Ifa dru i R
s NP ik i
& Not soluble , precipitates in kidnies
Cause of that we recomend to drink a lot of
water during the intake of such drug
108
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* Candidates for this reaction
* (1) Amines

'V Methylation reaction

@(\sf’/ >\

T T PR T
R ARITHSLER St R RRER

® =
2) Alcohols
2
* (3) Catechols (majority) g
* (5)Resorcinol 5 :
J M CAJQ () \')’ %
e @ Hydroquinones ‘ R R
Resorcinol OH
. OH ‘
(m,@_«m |
Catichols g
T OH as in epinphrin and norepinephrin 2
"‘g"’—‘) "’)’ d"‘vﬂﬂo""cf :“Q\'CA ) Re SOrCOO) oYZiho — Con Frahaol S _ %
e
@ (OM r e | - g
D sam Methylation reaction %
(1) :
| e COMT carries out;O:meLh\ﬂ/atiDn of such important 5,
neurotransmitters as(epinephrine and(dopamine)and thus
it = Ay T S T Tt R 3
terminates their activity J_),/)Q,d o o % §
erfﬂefk e g
2
HO R R dupe o :
COMT ¥ o 5 1) > *g‘
{ 5. it e )JP\—'J ~ :
B Lile i 2e 0 o\ 0P ) :
HO AV 25 4 2\D (1 2 - A Lo ol gl |
“Meth vl Grovp ) cjur o8 W0 Ae 5y3 Isle E
Catichols . debhyl D\pleB e &5 (AT pHE g .,
as in Epinphrin !
CQMT \ 3\2/ ) ;(D ¥ Catechols . :
@ methy | gfovp ) caips achve Jorm (eﬁ_"_e_/i"' ""Q) ‘
COMT: Catichols -O- methy| transferase enzyme :
helps in methylation reaction : 3
;
F
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